Introduction {#S0001}
============

*Helicobacter pylori* (*H. pylori*) was introduced to scientific society in the 1980s by Marshal and Warren, when they announced that the bacterium can be a cause for active chronic gastritis and peptic ulcer disease \[[@CIT0001]\]. Since that time research was started on the subject and to date it has shown that the microorganism can cause several diseases involving the gastrointestinal tract, including acute and chronic gastritis, atrophic gastritis, peptic ulcer disease, gastric mucosa-associated lymphoid tissue (MALT) lymphoma, and gastric adenocarcinoma \[[@CIT0002]\]. Among extraintestinal diseases, the bacillus has been correlated t\\ura \[[@CIT0003]\], unexplained iron-deficiency anaemia \[[@CIT0004], [@CIT0005]\], and idiopathic thrombocytopenic purpura (ITP) \[[@CIT0006]\], and its eradication has been recommended in these cases. The eradication of *H. pylori* is also associated with decreasing the rate of gastrointestinal bleeding in users of nonsteroidal anti-inflammatory drugs (NSAIDs) \[[@CIT0007]\]. Therefore, eradication of the infection can result in different levels of decreasing morbidity and mortality generally. It is documented that successful eradication of the bacterium can make the patient medication free, even in complicated peptic ulcer cases \[[@CIT0008]\].

Various guidelines for the management of *H. pylori* infection are available worldwide. Among these, the latest one is the "Maastricht IV/ Florence Consensus Report" (2012), which was written by the European Helicobacter Study Group and suggests various treatment regimens, including: standard triple therapy (STT) with proton pump inhibitor (PPI)-clarithromycin and amoxicillin or metronidazole, bismuth-containing quadruple therapy, levofloxacin-containing triple therapy, and non-bismuth quadruple treatment (sequential (SQT) or concomitant). Sequential quadruple treatment includes a 5-day period with PPI-amoxicillin, followed by a 5-day period with PPI-clarithromycin-metronidazole (or tinidazole), and finally, treatments based on antimicrobial susceptibility testing \[[@CIT0009]\].

Because no new drug has been developed for this infection, a number of research projects have been carried out in recent years using different combinations of known antibiotics.

Aim {#S0002}
===

In this study we aimed to compare the efficacy of four protocols for *H. pylori* infection eradication: (1) omeprazole, amoxicillin, clarithromycin (OAC), (2) omeprazole, ciprofloxacin, furazolidone (OCF), (3) omeprazole, bismuth subcitrate, amoxicillin, metronidazol (OBAM), (4) omeprazole, bismuth subcitrate, tetracycline, and metronidazol (OBTM) in Ahvaz, southwest Iran.

Material and methods {#S0003}
====================

Subjects {#S20004}
--------

This randomised clinical trial was carried out on 400 patients with peptic complications, who referred to governmental gastroenterology clinics of Ahvaz (south-west of Iran) between January and September 2010. Simple random selection of patients was carried out on group stratification based on age and sex. All patients were candidates for upper gastrointestinal (GI) endoscopy. The *H. pylori* infection was proven by a positive rapid urease test (RUT, 72.1% of patients) or a positive histopathological examination (27.9% of patients) of the biopsy specimens obtained from stomach antrum and corpus.

The exclusion criteria included: a history of G6PD deficiency, previous gastric surgery, drug allergies, chronic hepatic, renal and pulmonary disease, gastrointestinal malignancies, taking drugs such as antibiotics, gastric acid inhibitors, NSAIDs during the last month, pregnancy, and breast feeding.

The study was approved by the ethical committee of the Ahvaz Jundishapour University of Medical Sciences. All volunteers signed an informed written consent form before entering the study.

Study design {#S20005}
------------

Each 100 consecutive patients were enrolled to receive one of the four different protocols described below: (1) OAC group: omeprazole (20 mg/b.i.d.), amoxicillin (1000 mg/b.i.d.), clarithromycin (500 mg/b.i.d.) for 10 days. (2) OCF group: omeprazole (20 mg/b.i.d.), ciprofloxacin (500 mg/b.i.d.), furazolidone (100 mg/b.i.d.) for 10 days. (3) OBAM group: omeprazole (20 mg/b.i.d.), bismuth subcitrate (240 mg/b.i.d.), amoxicillin (1000 mg/b.i.d.), metronidazol (500 mg/b.i.d.) for 14 days. (4) OBTM group: omeprazole (20 mg/b.i.d.), bismuth subcitrate (240 mg/b.i.d.), tetracycline (500 mg/b.i.d.), metronidazol (500 mg/b.i.d.) for 14 days.

After accomplishing the intervention period, the patients' compliance and appearance of side effects were assessed via an interview.

The patient\'s compliance was categorized as follows: good (taking 80% of the drugs in the regimen), fair (taking 60--80% of the drugs), and poor (taking less than 60% of the drugs). Patients with poor compliance were omitted from the study.

In terms of presenting side effects, the patients were categorised as follows: mild (no interference with daily activities), moderate (mild interference with daily activities), and severe (completely stopped daily activities).

All patients made an appointment for C^14^ urea breath test (C^14^UBT) 8 weeks after the end of study in order to avoid false negative findings \[[@CIT0010]\]. Patients were advised to stop using any antibiotics, gastric acid inhibitors, or bismuth subcitrate 2 weeks prior to the test.

Assessment of Helicobacter pylori status {#S20006}
----------------------------------------

Biopsy specimens were taken during upper gastrointestinal endoscopy either for rapid urease test (CLO test, Campylobacter-like organism test) (Ballard Medical Products, Draper, UT, USA) or for histological assessment. In the latter case, the specimens were fixed in 10% formalin and stained with haematoxylin-eosin and Giemsa stain.

C^14^UBT was used to evaluate the *H. pylori* viability at the end of study. Patients who did not take the test were excluded from the study. The test was based upon the ability of *H. pylori* to convert urea to ammonia and carbon dioxide \[[@CIT0011]\].

The test was done 30 min after oral administration of the capsules containing C^14^ urea (37 kBq). Patients exhaled in KOH solution until it became colourless, which was the sign that 1 mmol of CO~2~ had been trapped. After adding 15 ml of scintillation fluid, the radioactivity in the collected samples was measured by liquid scintillation counter (LKB Wallac -- Rack Beta Spectral) \[[@CIT0012]\].

The test was considered as negative if the amount of CO~2~ was less than 50, and a negative test was considered a successful treatment.

Statistical analysis {#S20007}
--------------------

Data were analysed using χ^2^ statistical test. Value of *p* \< 0.05 was considered as significant.

Results {#S0008}
=======

Demographic data {#S20009}
----------------

A total of 400 patients (211 males, 189 females) were recruited ([Table I](#T0001){ref-type="table"}). Each consecutive 100 patients were randomly entered to one of the groups: OAC, OCF, OBAM, and OBTM. Twenty-three patients (2, 5, 6, and 10 patients from the OAC, OCF, OBAM, and OBTM groups, respectively) were totally excluded from the per protocol analysis. The reasons for exclusion were side effects occurrence (1, 3, 2, and 5 cases from the OAC, OCF, OBAM, and OBTM groups, respectively) and missing the follow-up program (1, 2, 4, and 5 cases from the OAC, OCF, OBAM, and OBTM groups, respectively). None of the patients had poor compliance. At the end of the study, a total of 377 patients were analysed in per protocol analysis ([Figure 1](#F0001){ref-type="fig"}). The most common chief complaints for being referred to the gastrointestinal clinic and undergoing an upper GI endoscopy were epigastric pain and dyspepsia/heartburn in decreasing order of frequency in all treatment groups. Flatulence and strong family history of gastric cancer were the other common symptoms. The most common endoscopic findings were gastritis, and normal and duodenal ulcer, in all treatment groups, but the OBTM group, which showed gastritis, erosive gastritis, and duodenal ulcer as common endoscopic features. The side-effect profile in the different groups is shown in [Table II](#T0002){ref-type="table"}. The most common side effects in the OAC, OCF, OBAM, and OBTM groups were dizziness/taste perversion, nausea/vomiting, dizziness, and taste perversion, respectively. There was no complaint of abdominal pain, constipation, and skin rashes in any of the groups.

![Study design](PG-10-24567-g001){#F0001}

###### 

Demographic characteristics of volunteers

  Parameter                                              OAC                 OCF                  OBAM                 OBTM                 Total
  ------------------------------------------------------ ------------------- -------------------- -------------------- -------------------- ------------
  Total number (ITT[\*](#TF0001){ref-type="table-fn"})   100                 100                  100                  100                  400
  Included per-protocol (PP)                             98                  95                   94                   90                   377
  Female, *n* (%)                                        43 (43.9)           50 (52.6)            43 (45.7)            43 (47.8)            179 (47.5)
  Male, *n* (%)                                          55 (56.1)           45 (47.4)            51 (54.3)            47 (52.2)            198 (52.5)
  Age range (mean ± SD) \[years\]                        10--70 (40 ±13.1)   14--80 (41 ±13.18)   16--73 (38 ±11.79)   15--79 (39 ±12.53)   

Intention to treat. There was no significant difference between the groups regarding sex and age distribution (p = 0.65%).

###### 

Adverse effects

  Side effect        OAC, *n* (%)   OCF, *n* (%)   OBAM, *n* (%)   OBTM, *n* (%)
  ------------------ -------------- -------------- --------------- ---------------
  Abdominal pain     --             --             --              --
  Constipation       --             --             --              --
  Diarrhoea          5 (5.1)        1 (1.05)       2 (2.12)        --
  Dizziness          10 (10.2)      1 (1.05)       7 (7.44)        2 (2.22)
  Taste perversion   10 (10.2)      --             5 (5.31)        6 (6.66)
  Headache           3 (3.06)       2 (2.1)        4 (4.25)        --
  Anorexia           3 (3.06)       5 (5.26)       4 (4.255)       --
  Nausea/vomiting    4 (4.08)       12 (12.63)     2 (2.12)        2 (2.12)
  Skin rash          --             --             --              --
  Others             1 (1.02)       --             --              1 (1.11)
  Total              36 (36.73)     21 (22.1)      22 (23.4)       9 (10)

C^14^ urea breath test {#S20010}
----------------------

The rate of *H. pylori* eradication (negative result of C^14^UBT) based on intention to treat analysis (ITT) was 92%, 59%, 73%, and 76% in the OAC, OCF, OBAM, and OBTM groups, respectively. Eradication rate based on per protocol (PP) analysis was 93.9%, 62.1%, 77.7%, and 84.4% in the OAC, OCF, OBAM, and OBTM groups, respectively ([Figure 2](#F0002){ref-type="fig"}). There was a statistically significant increase in eradication rate in the OAC group compared to the other ones (*p* \< 0.001).

![Eradication rate of *H. pylori* in four different groups based on per protocol analysis (%)\
\*Value of p \< 0.05 indicates significant difference versus OCF, OBAM and OBTM. OAC -- omeprazole, amoxicillin, clarithromycin; OCF -- omeprazole, ciprofloxacin, furazolidone; OBAM -- omeprazole, bismuth subcitrate, amoxicillin, metronidazole; OBTM -- omeprazole, bismuth subcitrate, tetracycline, and metronidazole.](PG-10-24567-g002){#F0002}

Discussion {#S0011}
==========

In this study the eradication rates of *H. pylori* in patients with a documented infection were compared using four different regimens: OAC: omeprazole, amoxicillin, clarithromycin; OCF: omeprazole, ciprofloxacin, furazolidone; OBAM: omeprazole, bismuth subcitrate, amoxicillin, metronidazol; and OBTM: omeprazole, bismuth subcitrate, tetracycline, metronidazol. The rates of eradication achieved in this study were acceptable apart from the OCF regimen, according to a pooled-data analysis on this issue, which showed that a rate of \> 75% eradication is an acceptable rate \[[@CIT0013]\].

In the current study we showed that the eradication was more effective with standard triple therapy (STT, a PPI-clarithromycin and amoxicillin) regimen in comparison to the other three regimens. Standard triple therapy remains the first line treatment for eradication of *H. pylori* around the world, unless the area in question has a resistance rate above 15--20% \[[@CIT0009]\]. However, Shiota and Yamaoka recently reported that quadruple therapy should be replaced by clarithromycin-based triple therapy as initial therapy for eradication of this bacterium \[[@CIT0014]\].

The sole study on *H. pylori* resistance rate in Ahwaz showed that the rate of clarithromycin resistance in this city is 24%, which places the city in the category of regions with high resistance to clarithromycin \[[@CIT0015]\]. Also Mohammadi *et al*. in 2003 already warned that a near 20% rate of clarithromycin resistance should alert to the frequency of macrolide resistant strains in Iran \[[@CIT0016]\]. According to the evidence mentioned above, the STT should not be used as a treatment regimen for *H. pylori* eradication in Ahvaz. But this regimen is still used, maybe due to the lack of any other report on this issue. Albeit, researche on the entity of clarithromycin resistance rate in areas of Iran do not show parallel results; some report that the rate of clarithromycin resistance is under the threshold mentioned earlier \[[@CIT0017], [@CIT0018]\], and some report a rate of resistance exactly within the threshold range of 15--20% or very close to it \[[@CIT0019]--[@CIT0021]\]. The results of another study performed in Ahvaz in 2007 by Hajiani *et al*. also confirm our results in this respect, showing that the STT regimen is more powerful than a quadruple therapy in the eradication of this infection; this shows that the high rate of clarithromycin resistance in this region can be overcome by combination STT \[[@CIT0022]\]. The rate of eradication was 92% with the OAC regimen in our study, which is confirmed by at least four studies that reported an eradication rate of \> 75% with this regimen \[[@CIT0023]--[@CIT0026]\]. Also, our eradication rate was higher than all these studies, which may refer to the much lower percentage of excluded patients in per protocol analysis in our study (2%) as compared with 17--23% in the above-mentioned literature.

In addition, two of these studies used a shorter treatment duration (7 days) than the current study (10 days) \[[@CIT0025], [@CIT0026]\].

There is no report of resistance of *H. pylori* strains to furazolidone and ciprofloxacin in Ahvaz. A study from the north of Iran in 2011 reported the rate of resistance was 34.5% and 61.4% for ciprofloxacin and furazolidone, respectively \[[@CIT0027]\]. Another study from a big referral medical centre for paediatrics in Tehran showed a rate of 34.5% resistance to ciprofloxacin, but it has no data on furazolidone \[[@CIT0028]\]. The results of the latter study can be generalized to Ahvaz, because the place where the study was performed is a big referral centre in Iran, and this may explain why the OCF regimen has a much lower eradication rate compared with the other regimens.

The rate of eradication with the OBTM regimen in our study was 76%, which is higher than the reports by Mantzaris *et al*. and Gomollon *et al*. The reason could be due to the shorter treatment period (7 and 10 days vs. 14 days in the present study), the smaller sample size (48 and 71 patients vs. 100 patients in the present study), and the higher percentage of excluded patients in per protocol analysis (31.25% and 35% vs. 10% in the current study) \[[@CIT0023], [@CIT0025]\].

However, the eradication rate in our study with the OBTM regimen was lower than that seen in the study by Laine *et al*. and Malfertheiner *et al*., which may be due to lower sample size (100 patients in our study vs. 138 and 218 patients, respectively) and lower doses of tetracycline, metronidazole, and bismuth subcitrate \[[@CIT0024], [@CIT0029]\].

Another point in this study was that the more powerful regimen (OAC) had the higher percentage of total side effect occurrence. The reason can be the fact that the severity of side effects in the OAC group is very low, as only 1 patient in this group (fewer in number in comparison to other groups) left the study because of side effect appearance.

Conclusions {#S0012}
===========

We have shown that despite heterogeneous reports about the resistance of *H. pylori* strains to clarithromycin in Iran and the record of a high rate of resistance to clarithromycin in Ahvaz, standard triple therapy (omeprazole, amoxicillin, clarithromycin) remains the most effective regimen for eradicating of *H. pylori* infection in Ahvaz.
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